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Abstract 
Ciliwung watershed has a strategic value in Indonesia. As a watershed ecosystem, the changing of the upper stream, will affects 
the other part of watershed. The changing of the upper stream is closely related to flooding where the precipitation can’t be 
absorbed by soil because the decreasing of water catchment area. The condition of land cover is important to identify the 
watershed condition. The land cover changes data were analyzed from LANDSAT satellite image taken in four different years of 
1990, 2000, 2010 and 2014. The land cover types were divided into four areas : water body, green area, bareland and built-up 
area. Analysis on land cover pattern indicates that water body area decreased 1.49% in 2014 compare 1990, followed by green 
area (0.28%) and bareland (0.19%) in total. Spatial dynamic approach will be used as an analysis of prediction on land cover 
change. The concept of dynamic system is to connect all the objects that interact each other to create a trend in the future.  
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1. Introduction 
Ciliwung watershed approximately has 347 km2 in area and the length of its main river is 117 km. Ciliwung 
watershed is strategically valuable in Indonesia. Based on the toposequences, Ciliwung watershed is divided by 
three parts which are upstream, middlestream and downstream. As a watershed ecosystem, changes that happen in 
the upperstream could affect the whole area. The main city that located in the downstream area become the reason 
for it to be strategically valuable for the development and management of area around downstream.  
Flooding are very sensitive to the changes that happen in land-use and unappropriate land management (Woube 
1999, Brath et al. 2006,  Weather and Evans 2009). The condition for watershed coverage area affecting the 
interaction between upstream and downstream area, water run-off, soil water, upstream water and hydrological 
system of a watershed (Molle and Mamanpoush 2012). Hence, the changes in land-use could affect on the ability of 
soil in water infiltration and increase on the water flow debit (Poerbandono 2009). Some of the studies shown that 
the reasin behind flooding in ciliwung watershed are unappropriate management system in the upstream area. Irianto 
(2000) says that within the year 1981-1999, the landuse of upstream area has been changing 14.860 ha in wide, and 
Pawitan (2004) says that landuse changes create an impact in increasing the water debit in the upstream area around 
65% (increase in water run-off) and increase in the flooding volume until 50%. The contribution of water run-off 
from the upstream and the middle stream area are predicted around 42.44%, while in the downstream area is 57.56% 
(BPDAS 2007). 
As a hydrological system, the upstream area play the function of protecting the whole area of watershed, while 
the middle and downstream area is the area for utilization (Asdak, 2010). Flood is happening because of the changes 
and unappropriate management system for landuse, while landuse changes is dynamically flexible to the water flow 
debit as a respon to the total rain water (Asdak, 2010). Thus flooding management control in the watershed area and 
spatial planning are important factors that needed to be done. 
Land cover is a fundamental variable that impacts and links many parts of the human and physical environments. 
Land cover change is regarded as the single most important variable of global change affecting ecological systems 
(Vitousek, 1994) with an impact on the environment that is at least as large as that associated with climate change 
(Skole et al., 1994; Chen, 2002). Land usage that could increase the environmental quality is highly recommended 
to prevent flooding, make sure the soil water availability and so on. Land use change is one specific area that needed 
some researches to be done as we see its ecological impact that significant to the environment (Fang et al. 2006; 
Chen et al. 2003). Thus, a study is needed to be done in order to allocating the appropriate way to utilize the space 
according to its condition and environmental carrying capacity. 
The approaches that being used in the land coverage analysis are dynamic system approach and spatial dynamic 
approach. Basic concept for dynamic system approach is to introduce in a more simple way the basic elements that 
construct a dynamic system, which completed with the framework in constructing generic model starting from the 
symptomp identification until producing a problem structure for policy analysis. Spatial dynamic approach is an 
approach that integrating the system dynamics system (SD) analysis with Geographic Information System (GIS). 
From the approaches above the results that is to be expected are not only in table form but also can be visualized in a 
spatial form.  
This paper analysis land cover change processes over 1 24-year time period within the downstream of Ciliwung 
Watershed, in Jakarta Province. Specifically, the objectives of the paper are :  
1. To analyze the land use changes pattern  and land cover distribution in the downstream area of Ciliwung 
watershed. 
2. To build the land dynamic structure of the downstream area Ciliwung watershed. 
3. To construct the landscape planning of the downstream area Ciliwung watershed that optimal and 
appropriate with the carrying capacity.  
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2. Methodes  
2.1. Land Cover Changes Analysis 
In this step identification of land cover changes in the research location is being done. Datas that being used are 
Landsat Image from the year 1990, 2000, 2010 and 2014. The accuration of coverage and landuse is using the 
Kappa accuration (Congalton and Mead in Jaya 2014) that being calculated with the formula below: 
K = [(Xii*N - Xi+) – ( Xi+*X+i)] / [(N2 -  Xi+*X+i)]

Where :  
Xii = diagonal value from the matrix kontingention row n and column n 
X+i = Total pixels in column n  
Xi+ = Total pixels in row n 
N = Total pixels in sample 
 
2.2. Analysis of the Interaction between Land Cover and Rainfall to the water level surface 
The regression analysis is being done to analyze the interaction between some variables and predicting a specific 
variable. If there is need to analyze the interaction or effect of one open variable to close variable, thus the 
regression model that being used is multiple linear regression model. General form of multiple linear regression 
model with the open variable are as shown below: 
y = a + bx1 + cx2 + dx3 + ex4 + …… + gxn + ڙ                                                                                          (2)  
where: 
y = maximum debit of river waterflow (m3/sec) 
 x1..xn = landuse 
a,b,c,.. = parameter/ constants 
ڙ = factor correction 
2.3.  System Dynamic Analysis 
a. Necessity Analysis 
This analysis is aiming to identify the needs of every stakeholder in planning the area in order to prevent 
flooding. Stakeholder in this case are government official, local people and private. 
b. Problem Formulation 
Based on Hartrisari (2007), the problem formulation is being arranged through evaluating the limited of 
resources or conflicts of interests among the stakeholders to achived the system purpose. 
c. System Identification 
Eriyatno (1998) says that the concept of identification system is a chain of interactions between the special 
statements and the necessity statements of the problem that needed to finished to cover all the necessities, 
usually being shown in a diagram form (causal loop). 
d. Simulation 
Through simulation the researcher could get a visualize form of a symptomp or process that happening 
within the system, thus the analysis can be done and able to predict a symptomp or a process for the future 
(Muhammad in Djakapermana, 2010).  
e. Dynamic Construction model 
Dynamic construction model is a process to change the system concept or model structure that already 
being constructed into formulas or C languge with the use of an application known as Stella. 
f. Model validation 
(1) 
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The main validation technique in the reflective system methode is a structure validation model and 
performance validation model. Structure validation model see to what extent is the similarity of the model 
with the real structure. While the performance validation is a completion aspect in the reflective system 
methode. 
2.4. Land coverage spatial distribution analysis 
Spatial dynamic approach is being done through integrating the dynamic system analysis result with the 
geographic information system until representing the spatial distribution (Rusdiana et al, 2012). In this research, 
there will be three different scenarios. Which are: (a) Scenario 1 is a scenario that the increasing rate of green area 
approximately 0.1%/year; (b) Scenario 2 is a scene combining the increasing rate of green area approximately 
0.3%/year with the converted rate of built-up area into bare land approximately 0.2%/year; (c) Scenario 3 is the 
scenario combining the increasing rate of green area approximately 0.3%/year with the converted rate of built-up 
area into bareland approximately 0.2%/year and the rehabilitation rate of water bodies approximately 0.1%/year. 
3. Result and Discussions 
3.1. Changes in land cover patterns 
The pattern for land cover in the downstream of Ciliwung watershed showed propensity from the coverage 
pattern that absorp water into coverage pattern that impermeable to the water. We could see in tabel 1 that the built-
up area has been increasing since 1990 until 2014. The downstream area of Ciliwung watershed has been dominated 
by built-up area since 1990 (Fig. 1). Those changes has been one of the factors of flooding in the downstream area. 
Analysis on the changes of landcover patterns between year 1990 and 2014 shows that since 1990 the most 
dominant landuse is impervious landscape 5463.88 ha has increased to 5565.79 ha in 2014. Within the time, the 
most change happen in the waterbody to the extent of 1.4%, followed by the green area 0.28% and open space 
0.19%. The total of the coverage pattern has been changing into impervious landscape. Based on the satelite image 
analysis, the distribution of land coverage in the downstream area of Ciliwung watershed year 1990, 2000, 2010 and 
2014 is being shown in Fig. 2. 
 Tabel 1. Changes in landcover patterns 
Land cover types Total (Ha) 
1990 2000 2010 2014 
Waterbody 255.76 152.54 162.92 159.33 
Built-up area 5463.88 5530.75 5539.75 5565.79 
Green Area 481.53 511.64 475.16 463.61 
Bare land 261.00 267.24 284.34 273.44 
Total 6462.17 6462.17 6462.17 6462.17 
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Fig. 1. Land Cover Pattern (a) 1990; (b) 2000; (c) 2010; (d) 2014 
3.2. The Interaction between Land cover and Rainfall to the water level surface 
Based on the coefficient of regressi equation can be known that in the downstream area of Ciliwung watershed 
the availability of green area and open space can contribute a bigger impact in decreasing the water level rather than 
other pattern of land cover. The interaction of the rainfall, land cover pattern to the water equation can be counted 
with the regression analysis as shown below: 
y = 0.26x1 + 0.025x2 – 0.256x3 – 0.127x4 – 0.136x5                                                                                     (3)
Hence : y = water lever surface of the river (cm), x1 = rainfall (mm/year), x2 = waterbody (ha), x3 = green area (ha), 
x4 = impervious area (ha) , danx5 = open space(ha) 
R2 value from the model is 59.6% (R-sq = 59.6%) which shows that the river water level can be explained by the 
model and the rest could be explained by other factors outside the model such as topography, sooil types and so on.  
3.3. Constructing the System Dynamic Model 
The model structure that being constructed in this research is divided into three submodels, which are landcover 
change submodel, hydrology submodel and social submodel. Landcover change submodel is consists of landcover in 
the research area and its changes pattern. In the hidrology submodel, the landcover changes pattern will interact with 
the rainfall return periode until generating the water level. Hidrology submodel is produced through the multiple 
regression analysis. Each land cover and rainfall had implication to the high maximum of the water level.  





     Fig. 2. System Dynamic Model 
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3.4.  System Dynamic Simulation 
The simulation results of the scenario 1 shows that water bodies and bare land are converted into built-up area 
and green area. The amount of the converted area is 197.30 ha of bare land and 99.30 ha of water bodies at the end 
of the simulation. This conversion is caused by the need for living space as the number of population.
Scenario 2 shows that the water bodies, bare land area and built-up area are decreased and converted  into green 
area. The amount of the converted area is 175.83 ha of bare land 99.30 ha of water bodies and 217.85 ha of built-up 
area at the end of the simulation. Based on the Law on Spatial Planning No. 26/2007 that the need for a green area is 
30% of the area and 20% of area are owned by government. On the results of this simulation, the percentage of 
green areas that can be achieved at 14.98%. 
Scenario 3 shows that the water bodies, bare land area and built up area are decreased and converted  into green 
area. The amount of the converted area is 175.96 ha of bare land 64.3 ha of waterbody and 250.06 ha of built up area 
at the end of the simulation. At this scenario, in addition to the determination of the rate of increase in area by 0.3% 
and the determination of the rate of conversion of undeveloped land into an open area of 0.2% was also 
accompanied by the determination of the rate of improvement of 0.1% of water bodies and controlling the water 
level is less than 850 cm. 






 
Fig. 3. The Results of Water Level in Each Scenario 
Based on the results in all three scenarios, the optimum scenario that can be used is scenario 3. In this 
scenario, water levels as a marker of the danger of flooding is at 833 cm of height, which means the downstream 
areas remain on standby status 2 according to the provisions made by the Management Board Regional Disaster, 
Jakarta Province. Difference in water levels of various scenarios can be seen in Figure 6. In the scenario, in order to 
reach the water level to prevent flooding (833 cm), the optimal composition of the area of each land cover is open 
land 23.74 ha, 208.13 ha of water bodies, land up 5510.43 ha and 719.87 ha of green areas in 2033. The green area 
is increased 244.71 ha in a number compared to 2010. The distribution area of land cover that increase can be seen 
in Figure 5. 
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Fig. 4. The Simulation Result of Distribution Area 
4. Conclusions 
Based on the analysis, the conclusion can be drawn as follows: 
x During the last 24 years (1990-2014), the built up area increased 101.91 ha in a number. The increase in 
built-up area are due to the need of living space caused by uncontrollable increase in the number of human 
population. 
x The optimal of  land cover change to be applied to the Ciliwung Downstream is the scenario 3. In this 
scenario we set the rate of increasing of green area by 0.3%/year, the rate of conversion of built up into 
open land to 0.2%/year, and the rate of improvement of water bodies by 0.1%/year. 
x In order to decrease the water surface in the scenario 3 until 833 cm can be achieved by increasing the total 
of green area. The goal is increased by total 244.71 ha green area from the whole total watershed area. This 
area could be done by tree planting alongside the watershed area with 15 m distance alongside by the 
riverbank. This can resulted in changing the open area into green area.  
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